ABSTRACT
INTRODUCTION
Discharge of metals into marine environments is a worldwide problem due to their toxicity and persistence [1] . Population growth, industrial development and expansion of agricultural areas have led to the entry of high volumes of different contaminants into aquatic environments [2] [3] . Pollution of aquatic ecosystems with different types of contaminants can be assessed through examination the site sediments. In general, sediments can play an important role as both carriers and sinks for contaminants, for instance sediments contaminated by metals may have harmful impacts on biota [4] . Therefore, sediments have been frequently used by many researchers for inspecting metal contamination in aquatic ecosystems [4] [5] [6] [7] [8] [9] .
In 1975, the Anzali Wetland was recorded under the list of international wetlands in the Ramsar Convention. Moreover, the International Bird Life Organization recognized this wetland as an important habitat for birds [4] . The most important factors and problems threatening the Anzali Wetland are the contaminant load and sediments entering the wetland, as well as lack of an integrated management plan for this wetland [10] [11] . Additionally, the discharge of municipal wastewater, oil products waste, a variety of industrial-agricultural contaminants, and landfilling of wastes have been recognized as sources of contamination to this wetland [12] [13] .
The main objectives of the current research were to: (1) explore whether there are significant differences in concentrations of Zn, Cd, and Pb in surface sediments among different sites (based on 
MATERIALS AND METHODS
The Anzali Wetland (37° 26 -37° 35 49° 15 -49° 27 the Caspian Sea coast, Northern Iran. This wetland, approximately 193 km 2 , is situated in the northern province of Guilan, Iran [14] . Eleven main rivers as well as 30 streams resulting from irrigation of farms and rice paddies along the surface flows of the river basin flow into the wetland. The Anzali Wetland consists of three distinct sections: the eastern (Selke), western (Siahkeshim), and central (Selke and Siahkeshim) ( Table 1 ).
In this field study, samples were collected from 10 stations based on the type of regional development and contaminant source inputs of the Anzali Wetland, northern Iran in 2015 (Figure 1 ). Sediment sampling (0-10 cm) was performed with three to six repetitions at each station. Geographical locations and characteristics of each station were recorded and samples were transported to the laboratory accordingly. The stations' positions in the wetland and the sites' descriptions are shown in Table 1 .
At the laboratory sediment samples were placed in an oven to dry at 105 °C for 48 h [15] . Dried samples were stored in polyethylene containers until the time of chemical digestion. Using a hot-block digester, the sediment samples were digested with a 4:1 combination of nitric acid (HNO 3 ) and perchloric acid (HCLO 4 ) for one hour at 40 °C, followed by 3 h at 140 °C [15] . Digested samples were diluted using a 25 ml of double-distilled water. Afterwards, samples were filtered with Whatman 42, filter paper and the filtrate was kept in polyethylene containers at 4 °C, until analysis by atomic absorption spectrometry (AAS). Metals' concentrations in sediment samples were measured by a Perkin-Elmer AA770 model AAS. Data are presented in µg g -1 of sample dw. Recoveries were 92%-97% for all trace metals measured.
Data normality was examined by using the Kolmogorov-Smirnov test. In order to compare significant differences between the concentrations of metals at various stations in the study area, an ANOVA homogeneity test and LSD test were employed (a significant difference was observed at the 95% confidence level). SPSS 
RESULTS
Metal distribution in the sediment followed this order: Zn > Pb > Cd. Ranges Figure 2-4) . It showed the significant differences in the contamination level based on the level of regional developments, so that in the eastern part with the high level of development, the concentration of pollutants was high. 
DISCUSSION
The results demonstrated that the most contaminating sources are concentrated in the eastern part of the wetland, and have contributed more contamination in this part than the western part. The pollution of the eastern part of Anzali Wetland is higher than the western part because of the large amounts of contaminating sources in consistent with a previous study [12] , who emphasized on the origin of heavy metal contamination in the sediments of Anzali Wetland. The authors measured the concentrations of heavy metals in four parts of the wetland, including Abkenar, Siahkeshim, Hendkhaleh, and Shijan (stations 8, 10, 1 and 3) [12] .
The present study shows that the highest concentrations of the studied metals are observed at station 3 which receives both industrial and municipal wastewater inputs, while the lowest level has been accumulated in the western part. Considering the human activities as well as the development and establishment of various industries in the eastern part, the indirect entry of industrial wastewater through Pir-Bazar River can be considered a major source of contamination and one of the affecting factors, which has increased the metal concentrations in the wetland.
With regard to a greater volume of heavy metals in the eastern part of the wetland, these results are compatible with the study of Shahsavari-Pour et al. [16] , who carried out a research on the biomonitoring and evaluation of mercury contamination in Anzali Wetland, and also with another study [17] , who measured the heavy element contents in Astacus leptodactylus caspicus in the same area. The findings are also consistent with another study [5] , in which Anodonta cygnea as a potential biomonitor for Cd and Pb in the mentioned wetland was studied.
In order to determine the contamination level of heavy metals in the surface sediments of the studied area, the values were compared with the Interim Sediment Quality Guidelines (ISQG) and Probable Effect Levels (PELs), proposed by the Canadian Sediment Quality Guidelines for the Protection of Aquatic Life (Table 2 ). Cd and Pb are generally considered as unessential elements for organisms that may pose high toxicities to aquatic organisms. According to these results, the average Pb concentrations at stations 1, 2, and 3 exceeded the ISQG standards, proposed by the Canadian Sediment Quality Guidelines, by approximately 39.4%, 9.1%, and 19.2%, respectively. 
CONCLUSION
The areas affected by urban and industrial developments have the highest level of contamination while the agricultural and lessdeveloped areas have the lowest level of contamination. Accordingly, protective and managerial plans must be implemented in order to reduce the level of heavy metals. Furthermore, sampling based on the development of regions can provide more accurate results for the monitoring plans of heavy metal contamination, in the studied area. The research by Hu et al. [18] confirmed the same finding.
In addition, since many of freshwater fishes live and feed in the wetland areas, absorption of heavy metals in the aquatic food chain is one way of accumulating metals in their bodies, which could eventually be transferred to humans. Due to the toxic nature of metals in various concentrations, Pb and Cd can have adverse effects on the health of consumers. Because some heavy metals in the sediments can clearly be measured at concentrations that are considerably higher than the international quality guidelines, complementary studies should be conducted in the future to evaluate potential impacts to human and ecological health.
